The Japanese Association for Acute Medicine Committee recently proposed a novel classification system for the severity of heat-related illnesses. The illnesses are simply classified into three stages based on symptoms and management or treatment. Stages I, II, and III broadly correspond to heat cramp and syncope, heat exhaustion, and heat stroke, respectively. Our objective was to examine whether this novel severity classification is useful in the diagnosis by healthcare professionals of patients with severe heat-related illness and organ failure. A nationwide surveillance study of heat-related illnesses was conducted between 1 June and 30 September 2012, at emergency departments in Japan. Among the 2130 patients who attended 102 emergency departments, the severity of their heat-related illness was recorded for 1799 patients, who were included in this study. In the patients with heat cramp and syncope or heat exhaustion (but not heat stroke), the blood test data (alanine aminotransferase, creatinine, blood urea nitrogen, and platelet counts) for those classified as Stage III were significantly higher than those of patients classified as Stage I or II. There were no deaths among the patients classified as Stage I. This novel classification may avoid underestimating the severity of heat-related illness.
Introduction
The international classification for heat-related illnesses, which considers heat cramp and syncope, heat exhaustion, and heat stroke, has been used globally to assess the severity of heat-related illnesses [1, 2] . In the international classification, heat stroke is defined as severe heat illness characterized by a core temperature above 40 • C and central nervous system (CNS) abnormalities. Heat exhaustion is defined as a mild to moderate heat illness caused by water or salt depletion, in which the core temperature may be normal, below normal, or slightly elevated (>37 • C but <40 • C) [1] . Thus, core temperature is one index used to evaluate the severity of heat stroke in the international classification.
The core temperatures of patients with heat-related illnesses have probably already begun to decrease in response to various factors before they are transferred to hospital [3, 4] , which could lead to a misdiagnosis or mismanagement. Therefore, the Japanese Association for Acute Medicine Committee recently proposed a novel classification system for the severity of heat-related illnesses with no reference to core temperature, to avoid underestimating the illness (Supplementary Figure S1 ) [5] .
Stage I is any minor heat-related illness, including heat cramp and syncope. The signs and symptoms include dizziness, faintness, slight yawning, heavy sweating, muscle pain, and stiff muscles (muscle cramps). No impaired consciousness is observed.
Stage II is any heat-related illness not covered by Stage I or Stage III. The signs and symptoms include headache, vomiting, fatigue, a sinking feeling, reduced concentration, and impaired judgment.
Stage III refers to severe conditions in a patient with hyperthermia who has been under heat stress. Stage III patients show signs of brain dysfunction, such as loss of consciousness, cerebellar signs, or convulsive seizures. They also display liver, kidney, or blood clotting system dysfunction on blood tests.
In practice, Stage I is a clinical condition that can be managed on site; Stage II is a clinical condition requiring immediate examination at a medical institution; and Stage III is a clinical condition requiring admission to hospital after blood sampling and assessment by medical workers (and depending on the case, intensive care). It is only permissible to restrict care to first aid and monitoring the patient when the Stage I symptoms are gradually improving. The patient should be taken to hospital immediately if Stage II symptoms occur or if no improvement in Stage I is observed (as assessed by someone other than the patient). Stage III must be confirmed by ambulance workers or by examination after arrival at hospital. Blood tests generally include measurement of the markers of renal (creatinine and blood urea nitrogen [BUN] ), liver (aspartic aminotransferase [AST] and alanine aminotransferase [ALT]), or blood clotting system (platelet counts, D-dimer, prothrombin time [PT] ) dysfunction, which show change at the early phase of organ dysfunction.
Although the symptoms observed at each level of severity are commonly observed symptoms, they do not always occur at the appropriate level of severity, and the illness should not be classified at a different level of severity if a symptom does not occur. The clinical status (severity) of heat stroke changes by the minute, depending on the timing and type of measures taken, and the condition of the patient. The purpose of this severity classification is to recognize abnormalities early, to expedite treatment and avoid serious consequences.
The novel classification broadly corresponds to the international classification (Stage I, heat cramp and syncope; Stage II, heat exhaustion; Stage III, heat stroke). However, the usefulness of the novel classification in assessing the severity of heat-related illness has not been fully validated. The possibility that Stage III patients with organ failure, according to the novel classification, may be included among patients diagnosed as having mild to moderate illness with the international classification system (heat cramp and syncope, and heat exhaustion) should be considered. In other words, it may be possible to underestimate severe heat-related illness in patients with organ failure when the international classification is used.
Our objective was to examine whether this novel classification system for the severity of heat-related illness has similar validity to the internationally accepted classification of heat-related illness and is useful in the diagnosis of patients with severe heat-related illness that includes organ failure.
Materials and Methods

Study Overview
A prospective, multicentre, nationwide surveillance, observational study of heat-related illness (Heat Stroke STUDY 2012) was conducted by the Japanese Association for Acute Medicine Committee between 1 July and 30 September 2012, at 102 emergency hospitals in Japan (Appendix A). The study was approved by each hospital's Institutional Review Board and was conducted in accordance with the ethical standards established in the 1964 Declaration of Helsinki and its later amendments (No. H25-31). The study data were collected from 1 July to 30 September 2012, the period with the highest average temperatures of the year in Japan. We used meteorological data measured by the Japan Meteorological Agency for Tokyo to clarify the heat trends in the summer of 2012 [6].
Data Collection
The study datasets were manually recorded by a staff member or medical doctor at each participating hospital using data entry sheets. We asked for information on patients who had been treated for a heat-related illness and the data entry sheets were submitted by mail. The data entry sheet was a simple form completed by each hospital with reference to each patient's medical records. The items in the data entry sheets were categorized according to the patient characteristics, medical findings when attending an emergency department (ED), hospitalization, treatment content, disease severity according to the international and novel classification systems for heat-related illnesses, and outcomes. From these data, we extracted each patient's age, sex, symptoms, physiological parameters, and laboratory data (ALT, creatinine, BUN, and platelet counts) when attending the ED, illness severity according to both classification systems, hospitalization (general ward or ICU), and outcome (survival or death at discharge). The international classification system defines the categories of heat cramp and syncope, heat exhaustion, and heat stroke [1, 2] . The novel classification system defines Stage I, Stage II, and Stage III (Supplementary Figure S1 ) [5] . Although we used laboratory data (ALT, creatinine, BUN, and platelet count) as markers of hepatic, renal, and coagulation system dysfunction in this study, a specific cutoff value was not used to judge whether to hospitalize or discharge a patient. That decision was made by the attending physician at each hospital according to their overall judgment, based on the clinical conditions and laboratory results.
Statistical Analyses
Categorical variables were reported counts and percentages, and statistical testing was performed using the chi-square test. Quantitative variables were reported as median and interquartile ranges, and statistical testing was performed using non-parametric methods: the Mann-Whitney U test and the Kruskal-Wallis H test. P values obtained from multiple tests were adjusted using the Bonferroni method. Spearman's rank correlation coefficient was calculated to determine the correspondence between the novel severity classification and the international classification, and the correlations between the blood test data (ALT, creatinine, BUN, and platelet counts) and each severity classification. To clarify the degree to which the severity of the heat-related illness was underestimated, the blood test data (ALT, creatinine, BUN, and platelet counts) were compared between the study patients classified with mild or moderate heat-related illness (but not heat stroke) according to the international classification and those classified with Stage I or II illness (but not Stage III) according to the novel classification. The utility of the data from patients classified with heat stroke or Stage III in predicting mortality was compared, to calculate the sensitivity and specificity of these parameters in predicting death, the positive likelihood ratio, and the negative likelihood ratio. A p value < 0.05 was considered statistically significant. All statistical analyses were performed with the statistical software SPSS Statistics version 19 (IBM, Armonk, NY, USA).
Results
Changes in Air Temperature During the Study Period
The mean maximum temperature in Tokyo during the study period was 31.0 • C, and ranged from 21. Table 1 lists the patient characteristics. The median patient age (interquartile ranges) was 44 (21-68) years. Thirty-seven deaths were recorded, 28 of which were caused by heat-related illness. More teenagers visited the EDs with heat-related illness than did any other age group ( Figure 2 ). Table 1 lists the patient characteristics. The median patient age (interquartile ranges) was 44 (21-68) years. Thirty-seven deaths were recorded, 28 of which were caused by heat-related illness. More teenagers visited the EDs with heat-related illness than did any other age group ( Figure 2 ). Figure 3 shows the acute physiology and chronic health evaluation (APACHE) II score for each classification. The score is obtained by adding the age and chronic disease score to the acute physiology score, which is the sum of the worst values recorded within the first 24 h of entering the ICU of a set of 12 physiological indicators. The APACHE II score correlates well with the outcome of critically ill patients [7] . The median APACHE II scores in Stages I, II, and III were 9 (6-13), 11 (6-14) and 22 (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) , respectively, and in the heat cramp and syncope, heat exhaustion, and heat stroke groups were 11 (6-16), 10 (6-14) and 25 (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) , respectively. Therefore, the APACHE II scores did not differ significantly between the novel classification and the international classification, although there was a significant difference between the scores for patients with Stage I or II illness and those for patients with Stage III illness in the novel classification, and between the scores for patients with heat cramp and syncope or heat exhaustion and those for patients with heat stroke in the international classification. Figure 3 shows the acute physiology and chronic health evaluation (APACHE) II score for each classification. The score is obtained by adding the age and chronic disease score to the acute physiology score, which is the sum of the worst values recorded within the first 24 h of entering the ICU of a set of 12 physiological indicators. The APACHE II score correlates well with the outcome of critically ill patients [7] . The median APACHE II scores in Stages I, II, and III were 9 (6-13), 11 (6-14) and 22 (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) , respectively, and in the heat cramp and syncope, heat exhaustion, and heat stroke groups were 11 (6-16), 10 (6-14) and 25 (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) , respectively. Therefore, the APACHE II scores did not differ significantly between the novel classification and the international classification, although there was a significant difference between the scores for patients with Stage I or II illness and those for patients with Stage III illness in the novel classification, and between the scores for patients with heat cramp and syncope or heat exhaustion and those for patients with heat stroke in the international classification. Table 2 lists the Spearman's rank correlation coefficients for the blood test data (ALT, creatinine, BUN, and platelet counts) and both severity classifications. In both classification systems, positive correlations were observed between the severity classification and ALT, creatinine, and BUN, and negative correlations between the severity classification and platelet count. The correlation coefficients for the novel classification were higher than those for the international classification. Table 2 lists the Spearman's rank correlation coefficients for the blood test data (ALT, creatinine, BUN, and platelet counts) and both severity classifications. In both classification systems, positive correlations were observed between the severity classification and ALT, creatinine, and BUN, and negative correlations between the severity classification and platelet count. The correlation coefficients for the novel classification were higher than those for the international classification. Tables 3 and 4 compare the blood test data (ALT, creatinine, BUN, and platelet counts) among patients with heat cramp and syncope or heat exhaustion (but not heat stroke) in the international classification (Table 3 ) and among patients with Stage I or II (but not Stage III) in the novel classification (Table 4 ). In the patients with heat cramp and syncope or heat exhaustion, the levels of ALT, creatinine, and BUN in the Stage III patients were significantly higher, and the platelet counts in Stage III patients were significantly lower than those in the Stage I and II patients. In contrast, in the Stage I and II patients, there were no significant differences in the parameters of the heat cramp and syncope or heat exhaustion patients and the heat stroke patients. Figure 5 shows the mortality rates according to the two classification systems. The mortality rates in Stages I, II and III were 0%, 0.7% and 10.2%, respectively, and in the patients with heat cramp and syncope, heat exhaustion, or heat stroke were 0.7%, 0.3% and 12.9%, respectively. The mortality rate was not significantly different between the novel classification and the international classification, but there was a significant difference between Stage I or II and Stage III in the novel classification, and between heat cramp and syncope or heat exhaustion and heat stroke in the international classification.
Comparison of Heat-Related Illness Severity Diagnosed with the Novel Classification and the International Classification
Comparisons of Blood Test Data
Outcomes of Patients with Heat-Related Illnesses
rate was not significantly different between the novel classification and the international classification, but there was a significant difference between Stage I or II and Stage III in the novel classification, and between heat cramp and syncope or heat exhaustion and heat stroke in the international classification. Figure 5 . Mortality rate. There were no deaths among the patients classified in Stage I with the novel classification. The mortality rates for the three levels of severity according to the novel classification and the international classification were compared with a χ 2 test. There was no significant difference between the two classifications. Table 5 When the patients with heat illness left the emergency room (ER), 90%, 8% or 2% of the Stage I patients went home, to a general ward, or to the ICU, respectively. The corresponding figures were 81%, 11% or 8%, respectively, for the heat cramp and syncope patients; 72%, 20% or 8%, respectively, for the Stage II patients; 77%, 16% or 7%, respectively, for the heat exhaustion patients; 10%, 28% or . Mortality rate. There were no deaths among the patients classified in Stage I with the novel classification. The mortality rates for the three levels of severity according to the novel classification and the international classification were compared with a χ 2 test. There was no significant difference between the two classifications. Table 5 shows the comparison of the data for patients with heat stroke and Stage III to predict mortality. Thirty-three (10.2%) of the patients with Stage III illness and 31 (12.9%) of those with heat stroke died. Therefore, the sensitivity and specificity of the classification systems in predicting death were 0.892 (95% CI: 0.755-0.957) and 0.836 (95% CI: 0.833-0.837), respectively, for patients with Stage III illness, and 0.838 (95% CI: 0.692-0.923) and 0.881 (95% CI: 0.878-0.883), respectively, for those with heat stroke. The positive and negative likelihood ratios (LR+) were 5.438 (95% CI: 4.526-5.884) and 0.129 (95% CI: 0.051-0.294), respectively, for the Stage III patients, and 7.030 (95% CI: 5.662-7.863) and 0.184 (95% CI: 0.087-0.351), respectively, for the heat stroke patients. When the patients with heat illness left the emergency room (ER), 90%, 8% or 2% of the Stage I patients went home, to a general ward, or to the ICU, respectively. The corresponding figures were 81%, 11% or 8%, respectively, for the heat cramp and syncope patients; 72%, 20% or 8%, respectively, for the Stage II patients; 77%, 16% or 7%, respectively, for the heat exhaustion patients; 10%, 28% or 62%, respectively, for the Stage III patients, and 16%, 21% or 63%, respectively, for the heat stroke patients (Figure 6 ). 62%, respectively, for the Stage III patients, and 16%, 21% or 63%, respectively, for the heat stroke patients (Figure 6 ). . Management of patients with heat-related illness after leaving the emergency room. Home, general ward, and the ICU were assigned to 90%, 8% and 2% of Stage I patients, 81%, 11% and 8% of heat cramp and syncope patients, 72%, 20% and 8% of Stage II patients, 77%, 16% and 7% of heat exhaustion patients, 10%, 28% and 62% of Stage III patients, and 16%, 21% and 63% of heat stroke patients, respectively. Heat stroke Figure 6 . Management of patients with heat-related illness after leaving the emergency room. Home, general ward, and the ICU were assigned to 90%, 8% and 2% of Stage I patients, 81%, 11% and 8% of heat cramp and syncope patients, 72%, 20% and 8% of Stage II patients, 77%, 16% and 7% of heat exhaustion patients, 10%, 28% and 62% of Stage III patients, and 16%, 21% and 63% of heat stroke patients, respectively.
General
Discussion
In this study, the distribution of severity determined with the novel classification correlated significantly with that determined with the international classification. There was also no significant difference between the two classification systems in the distribution of APACHE II scores. These results demonstrate the similar validity of the novel and international classification systems in assessing heat-related illness. However, we found that Stage II and heat exhaustion, and Stage I and heat cramp and syncope did not correspond on a one-to-one basis. Moreover, patients with heat cramp and syncope or heat exhaustion included Stage III patients, and Stage I and II patients included patients with heat stroke. In a comparison of the blood test data, which included a hepatic enzyme, renal function biomarkers, and blood clotting system biomarker (ALT, creatinine, BUN, and platelet counts), Stage III patients who were classified with heat cramp and syncope or heat exhaustion (but not heat stroke) presented with significantly higher or lower levels. In contrast, there were no significant differences between heat cramp and syncope or heat exhaustion and heat stroke in Stage I and II patients (except for Stage III). These findings indicate that the illness severity in patients with organ failure may be underestimated by the international classification and overestimated by the novel classification. The sensitivity and specificity of the classification systems for predicting mortality were relatively high in patients classified with heat stroke in the international classification and as Stage III in the novel classification, so we consider that both these systems are useful in this regard.
The mean temperature, the mean maximum temperature, and the mean minimum temperature in Tokyo during the study period were higher than the average temperatures recorded in the last 30 years [6] . Therefore, the number of patients requiring emergency treatment for heat-related illness has increased in recent years [8] .
In the novel classification system, three indicators of organ dysfunction are used to distinguish Stage II and III in the initial diagnosis: dysfunction of the CNS, liver or kidney dysfunction, and blood clotting system dysfunction (disseminated intravascular coagulation). The organs that can be functionally impaired in severe heat-related illness, such as the liver, kidney, and blood coagulation system, are taken to be the 'target organs'. In the international classification, core temperature and brain dysfunction are used to distinguish heat stroke from heat exhaustion, with no reference to liver, kidney, or clotting system dysfunction [1] .
The most severe heat-related illness is called 'heat stroke' in much of the literature. Heat stroke is defined clinically as a severe heat-related illness characterized by a core temperature exceeding 40 • C and CNS abnormalities, such as delirium, convulsions, or coma, resulting from exposure to environmental heat (classical heat stroke) or strenuous physical exercise (exertional heat stroke) [1] . According to this definition, consciousness disturbance and a core temperature over 40 • C are the main diagnostic criteria. However, to satisfy this definition, the heat-related illness must be extremely advanced. At the time of hospitalization for severe heat stroke, the core temperature of a patient with consciousness disturbance does not necessarily exceed 40 • C [3] . If too much emphasis is placed on a high core temperature (40 • C or more), an erroneous diagnosis may be made in the initial stage of the illness.
It has been noted for some time that core temperature measured at the site of collapse or in the emergency ward is inappropriate as a diagnostic criterion for heat-related illness [3] . Although the core temperature probably exceeds 42 • C at the moment of collapse, the patient's temperature is rarely recorded on the spot before transportation to the ED. Furthermore, the first measurement recorded at the site of collapse may be made by untrained personnel and may be an axillary (cooled by wetting) or oral temperature (cooled by rapid respiration) rather than a rectal temperature [9] . The delay in temperature measurement and the inaccurate methods occasionally used mean that the first temperature recorded will be lower than that at the time of collapse [10] . Furthermore, the high core temperature immediately after the onset of heat stroke is alleviated to some extent by the cessation of exercise or labour and the transportation of the patient to a cool indoor setting during rescue [11] . Moreover, emergency medical staff begin the cooling process in the early phase of treatment when heat-related illness is suspected [4] . For these reasons, a temporary decline in core temperature to less than 40 • C may occur immediately after transportation to an emergency room (ER) or ED. Therefore, core temperature less than 40 • C at the time of transport to ER or ED does not necessarily exclude severe heat-related illness. Consequently, core temperature is not considered in the novel classification of heat-related illness.
Because organ failure can be a consequence of heat-related illness, it is especially important to detect such failure, including rhabdomyolysis, renal dysfunction, liver injury, and an increased systemic inflammatory response, in the very earliest phase of a heat-related illness [12, 13] . Organ disorders that arise as a consequence of high temperature include muscle and gastrointestinal-tract dysfunction in mild cases. However, the CNS, circulation, liver, kidneys, and coagulation system can be impaired when a heat-related illness is severe [14] . Renal function is the most sensitive and practical biomarker in the early phase of heat-related illness, as it is easily affected by the burden of heat stress caused by dehydration and/or rhabdomyolysis [15, 16] . Therefore, in the novel classification, in addition to brain dysfunction, the presence of renal, liver, or blood clotting system dysfunction is considered to be the most important criterion.
Although various blood test results, including creatine kinase [17] [18] [19] and procalcitonin levels [20] [21] [22] , have been evaluated as indicators of the severity of heat-related illness, no adequate evidence of their utility has been obtained. An examination of 3227 cases of heat-related illness in Heat Stroke STUDY 2006 , 2008 in Japan [23] [24] [25] showed that scoring and summing the extent of damage to each organ (CNS, liver, kidney, and blood coagulation system), which defines Stage III in this novel classification of heat-related illnesses, may provide an effective index of severity and prognosis in cases of severe heat stroke. A novel early risk assessment tool for predicting clinical outcomes in patients with heat-related illnesses was recently reported based on data from the Heat Stroke STUDY [26] . Using this novel classification makes it possible to respond promptly and appropriately with the initial treatment for severe heat-related illness.
There were no deaths among patients classified with Stage I illness. This is an important point when considering the usefulness of the novel classification. More heat cramp and syncope patients were hospitalized after leaving the ER than Stage I patients, and more heat stroke patients than Stage III patients were sent home. This suggests that the international classification overestimates the severity of mild heat-related illness and underestimates the severity of serious heat-related illness.
A limitation of the novel classification system is that there is no clear standard by which to judge whether to hospitalize a patient with heat-related illness or send them home. In this study, the diagnosis of heat-related illness and the classification of its severity were made by the attending physician based on both the international and novel classifications.
Although prevention is the most important approach to heat stroke, the accurate early recognition of severe cases should allow early treatment and the prevention of death, even in patients with severe illness. This novel classification system for heat-related illnesses may improve the prognoses of patients with heat-related illness by simplifying the diagnostic criteria and recognizing heat-related illness as an important 'syndrome', thus avoiding the underestimation of severe cases.
Conclusions
This novel classification system for the severity of heat-related illnesses is consistent with the international classification. There were no deaths among patients classified with Stage I illness. Stage III patients included many with organ dysfunction who were classified as having mild to moderate illnesses, rather than heat stroke, in the international classification. Therefore, this novel classification system may circumvent the underestimation of the severity of heat-related illnesses. Funding: This research was funded by grants from Japanese Ministry of Health, Labour and Welfare (H24-kenki-shitei-001 and H24-kenki-shitei-002).
